To explore novel lead compounds for botanical pesticides from natural sources, a new pregnane glycoside (periplocoside) P2 as well as its isomer, a known pregnane glycoside P1, were isolated from the root barks of Periploca sepium using a bioactivity-guided method, and their structures were confirmed by 1D NMR, 2D NMR, IR, ESI-MSn and HRMS. Their insecticidal activities were evaluated against 3 rd instar larvae of M. separata, and the results indicated that P2 exhibited excellent insecticidal activity with LC 50 values of 2.9 and 2.2 mg/mL after 24 and 48 h, respectively, much lower than those of the positive control celangulin-V (24.7 and 21.0 mg/mL after 24 and 48 h, respectively). This work demonstrated that pregnane glycosides from Periploca sepium could be promising lead compounds for developing botanical pesticides urgently needed in agriculture.
Our group has long been dedicated to the exploration of novel lead compounds for botanical pesticides from natural sources, and we became interested in P. sepium due to its diversity of insecticidal activities. Though currently there are many reports about the insecticidal activities of root bark extracts of P. sepium, up to now, only a few insecticidal compounds have been isolated and identified. Besides, generally speaking, an insecticidal plant usually possesses a wide spectrum of insecticidal secondary metabolites. Therefore, with the hope to discover more novel insecticidal compounds from the root bark of P. sepium, bioactivity-guided fractionation was used in the present phytochemical analysis of the root bark of P. sepium, and it resulted in the isolation of a novel pregnane glycoside (periplocoside) P2 as well as its isomer, a known pregnane glycoside P1. Their structures were identified on the basis of 1D NMR, 2D NMR, IR and ESI-MSn spectrometric analytical results. Moreover, their insecticidal activities were The chemical structures of compounds P1 and P2 are shown in Figure 1 . They were classified as C 21 steroidal glycosides.
Compound P1 was identified as pregn-5-en-3β,17α,20
canaropyranoside by comparison of its spectroscopic data with those published, and its trivial name was periplocoside P [5] .
Compound P2 was identified as pregn-5-en-3β,17α,20(S)-triol-3- The IR spectrum suggested the presence of hydroxyl (3482 cm -1 ). In the 13 C and DEPT NMR spectra, 14 CH 3 , 11 CH 2 , 33 CH, and six quaternary carbon atoms were observed, and they also showed that the 3-hydroxyl-glycosylated aglycone of P2 was identical to that of the known natural product Periplocoside E [10] . Moreover, the 13 The insecticidal activity of P1 and P2 was evaluated against the 3 rd instar larvae of Mythimna separata Walker using a leaf disc method with acetone and celangulin-V as blank and positive control, respectively. The bioassay results are summarized in Tables 1 and 2. As shown in Table 2 , compound P2 exhibited excellent insecticidal activity against the 3 rd instar larvae of M. separata with LC 50 values of 2.9 and 2.2 mg/mL after 24 and 48 h, respectively, which were about ten times lower than those of the positive control celangulin-V (24.7 and 21.0 mg/mL after 24 and 48 h, respectively). However, as shown in Table 1 , its isomer P1 only displayed moderate insecticidal activity against the 3 rd instar larvae of M. separata with LC 50 values of 74.1 and 43.8 mg/mL after 24 and 48 h, respectively, twice more than those of the positive control celangulin-V. These results suggested that the ordering of the sugar moiety of pregnane glycosides could significantly affect their insecticidal activities.
During the bioassay process, a series of specific symptoms in the test larvae were observed and they were summarized as follows: compared to larvae used for blank control, the abdomen of the poisoned ones swelled obviously, and they could neither bend nor crawl, though the upper body parts and heads could move freely; with the extension of poisoning time, the abdomen blackened, and the abdominal foot could not stretch; finally, they were poisoned to death due to serious swelling. These symptoms resembled those caused by periplocoside NW, an insecticidal pregnane glycoside from Periploca sepium. Therefore, we concluded that the isolated pregnane glycosides P1 and P2 acted on the midgut epithelium of the test oriental armyworm larvae, thus causing the swelling and death, just as the action mechanism of periplocoside NW [3, 15] .
Experimental
General: All solvents including light petroleum, dichloromethane, ethyl acetate, acetone and methanol were analytical-grade and purchased from Bodi Chemical Co., Ltd. (Tianjin, China). Analytical thin-layer chromatography (TLC) was performed with silica gel plates using silica gel 60 GF 254 
Extraction, fractionation and purification:
The air-dried root barks of Periploca sepium (10 kg) were powdered and extracted with methanol (40 L × 3) under reflux for 12 h. Afterwards, the solvent was evaporated under reduced pressure to give a crude extract (1.45 kg), which was then suspended in water (4 L) and extracted successively with light petroleum (4 L × 3), dichloromethane (4 L × 3) and ethyl acetate (4 L × 3) to afford fractions 1 (350 g), 2 (306 g) and 3 (415 g), respectively. Fraction 2 (306 g) was subjected to silica gel column chromatography (CC) and eluted successively with a light petroleum-acetone gradient (4:1, 7:3, 3:2, 1:1, 0:1) to yield 5 fractions: 2.1-2.5. Sub-fraction 2.3 (51.2 g) was then decolored by a Sephadex MCI column, eluted with methanol-water (9:10), to give fraction 3 (45.9 g), which was further chromatographed over a silica gel column and eluted with a dichloromethane-acetone gradient (1:0, 9: Insects: M. separata (oriental armyworm) was reared continuously on either fresh maize or wheat leaves in the laboratory without exposure to any insecticides under controlled conditions (20-25°C, 70-80% relative humidity and 14L:10D photoperiod).
Insecticidal activity assay:
The insecticidal activity of compounds P1 and P2 was evaluated against the 3 rd instar larvae of M. separata starved for 12 h using leaf disc method [16] . Briefly, either fresh maize or wheat leaf discs (5 mm × 5 mm) treated with either 1.12 μL of an acetone solution of compound P1 at concentrations of 80, 40, 20, 10, 5, 2.5 and 1.25 mg/mL or P2 at concentrations of 10, 5, 2.5, 1.25 and 0.625 mg/mL were fed to the test larvae. Leaf discs treated with acetone and celangulin-V served as blank and positive controls, respectively. For each concentration, 30 larvae were tested, and the bioassay was repeated 3 times. Mortality rates were recorded after 24 and 48 h, respectively, and the toxicity was further established by calculating the LC 50 values. Figure 2 , which resembled that of periplocosides A and E [17] . HRMS ESI m/z: calcd for C 64 H 104 NaO 24 + [M+Na] + 1279.68152, found 1279.68159.
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